The extracellular signal-regulated protein kinase (ERK) signalling pathway controls key cellular processes, such as cell cycle regulation, cell fate determination and the response to external stressors. Although ERK functions are well studied in a variety of living organisms ranging from yeast to mammals, its functions in corals are still poorly known. The present work aims to give practical tools to study the expression level of ERK protein and the activity of the ERK signalling pathway in corals. The antibody characterisation experiment was performed five times and identical results were obtained. The present study validated the immune-reactivity of commercially available antibodies directed against ERK and its phosphorylated/activated forms on protein extracts of the reef-building coral .
Introduction
Mitogen activated protein kinases (MAPKs) are highly conserved proteins involved in signalling pathways and control key cellular processes such as proliferation, differentiation, migration, survival and apoptosis (Dhillon et al., 2007) . The MAPK gene family encompasses three major subfamilies: the extracellular signal-regulated kinase (ERK), p38/HOG and c-Jun N-terminal kinase (JNK) groups. The ERK family is the most studied in mammals (Boulton et al., 1990; Dhillon et al., 2007) because it is involved in meiosis, mitosis and post mitotic functions in differentiated cells, as well as in the oxidative stress response and wound healing (Johnson & Lapadat, 2002; Matsubayashi et al., 2004; Runchel et al., 2011) . The ERK gene family is evolutionnarily conserved and is found in all eukaryotes, including yeasts, plants, vertebrates and anthozoans (Chen et al., 2001; Widmann et al., 1999) . Although recent molecular studies have shown the existence of ERK genes in different coral species (Mayfield et al., 2010; Siboni et al., 2012; van de Water et al., 2015) , ERK activity and specific functions are not yet clearly defined. ERK activation occurs through phosphorylation of the Threonine and Tyrosine residues of an ERK-specific TEY motif by the upstream kinases of ERK, the mitogen-activated protein kinase kinase (MAPKK or MEK) . ERK phosphorylation on these residues is classically considered the most appropriate readout for the activity of the ERK signalling pathway. However, it has never been monitored in corals. Overall, MAPK activities in corals have only been investigated once, in a study focusing on the JNK subfamily (Courtial et al., 2017) .
In this work, we used the scleractinian coral Stylophora pistillata, a very abundant species in most tropical reefs (Veron & Stafford-Smith, 2000) . We applied the same protocol as in Courtial et al. (2017) to demonstrate the efficiency of antibodies directed against the mammalian phosphorylated forms of ERK (pERK) and total ERK to detect the ERK orthologs in S. pistillata (Table 1) . According to the manufacturer's instructions, the antibody used in this study and directed against the Thr2020/Tyr204 di-phosphorylated active ERK (Thermo Scientific Pierce; MA5-15174) showed reactivity with fruit fly, human, mink, mouse, non-human primate, pig, rat and zebrafish. The immunogen used to generate this rabbit IgG monoclonal antibody was a synthetic phosphopeptide corresponding to residues surrounding the phospho-Thr202/ Tyr204 of the human p44/ERK1 MAP kinase. This antibody is not cross-reactive with the corresponding phosphorylated residues of either JNK/SAPK or p38. The ERK1/ERK2 antibody (Thermo Scientific Pierce; MA5-15605) used in the study previously showed reactivity with human and mouse samples. The immunogen used to generate this mouse IgG2b monoclonal antibody was a purified recombinant fragment of human MAPK.
Methods

Maintenance of Stylophora pistillata nubbins and human fibroblasts
Nubbins of Stylophora pistillata were collected from five mother colonies maintained in the aquaria facilities of the Centre Scientifique de Monaco. Two small nubbins were cut from each mother colony, and were allowed to heal for four weeks in 15 L open system tanks before the experiments. Corals were maintained in the same conditions as the mother colonies, i.e. at 25°C, under a photosynthetic active radiation of 200 µmol photon.m -2
.s -1 provided by 400 W metal halide lamps (HPIT, Philips) and were fed twice a week with Artemia salina nauplii. Seawater in the tanks was continuously renewed at a rate of 10 L.h -1 .
Immortalized skin fibroblasts (BJ-EHLT cells) were kindly provided by E. Gilson's lab (IRCAN) and cultured in Dulbecco's Modified Eagle's Medium (Invitrogen, Villebon-sur-Yvette, France) supplemented with 10% heat-inactivated fetal calf serum (Dutscher, Brumath, France) at 37°C in an atmosphere of 5% CO 2 , as previously described (Biroccio et al., 2013) . (Tang et al., 2003) . The incubation medium was continuously stirred using magnetic stirrers at a constant temperature of 25°C. At the end of the incubation, nubbins were frozen and kept at -80°C prior to western blot analysis.
Western blot analysis
Immuno-detections were performed as in Courtial et al. (2017;  Table 2 and Table 3 ). Briefly, coral tissue was removed from the skeleton in 1 mL Laemmli buffer (1.5 X, Laemmli, 1970) using an air-pick. Samples were then sonicated for 30 seconds, and centrifuged (3 × 5 minutes at 15 000 g) to remove the lipid supernatant and debris. Fibroblasts were washed twice in phosphate buffered saline solution (PBS), lyzed in Laemmli buffer directly in the dishes and sonicated for 30 seconds. The total protein concentration of all samples was determined using a BCA protein Assay Kit (Thermo Fisher Scientific), according to the manufacturer's recommendation. 1,4 Dithiothreitol (1 mM) and bromophenol blue (0.1%) were added to the samples, which were then heated for 5 minutes at 95°C. 60 µg of proteins were separated on 10% polyacrylamide gels at 300 mA and 110 V at room temperature. Proteins were then transferred on a PVDF membrane at 4°C overnight in Dunn's transfer buffer at 200 mA. After a rinse in distilled water, membranes were saturated for 30 minutes in PBS -3% low fat milk, rinsed in PBS and incubated with primary antibodies diluted in PBS -1% low fat milk at 4°C overnight. The antibody directed against Thr2020/Tyr204 di-phosphorylated active ERK was from Thermo Scientific Pierce (rabbit monoclonal; MA5-15174; batch no. OC1680806); the anti-ERK1/2 antibody was from Thermo Scientific Pierce (mouse monoclonal; MA5-15605; batch no. PH1895491). After extensive washing in PBS -0.1% Tween 20, membranes were incubated for 2 hours at room temperature in the simultaneous presence of IRDye 680RD goat anti-mouse (925-68070) and IRDye 800CW goat anti-rabbit (925-32211; Li-COR Biotechnology GmbH, Bad Homburg, Germany) secondary antibodies, or with anti-mouse and antirabbit HRP-conjugated antibody. Another set of extensive rinsing in PBS -0.1% Tween 20 was performed before membranes were imaged with an Odyssey device (LI-COR Biosciences, Lincoln, Nebraska) to detect fluorescence and HRP activity using Millipore ECL.
Densitometric analysis of the western blots was performed using Image Studio v2.1 software (Li-COR Biosciences). Intensity of the pERK signal was normalized to the intensity of ERK signal. The relative intensities between control and inhibitor conditions were compared using a t-test. Statistical analysis was done using the software Graphpad Prism v5.03.
Results and discussion
In order to confirm the presence of an ERK ortholog in corals, the human protein sequence of ERK1 (NP_001035145) was compared to the transcriptome database of Stylophora pistillata using the BLAST software (Altschul et al., 1990; Liew et al., 2014 ). An open reading frame was retrieved from the best hit sequence with a predicted molecular weight of 42 kDa (Spi_isotig05348). This sequence (hereafter referred to as Spi-ERK for S. pistillata ERK) is the only one that shows an homology as high as 81%, 80% and 78% with the protein sequences of the cnidarians Nematostella vectensis ERK (Nv-ERK; XP_001629498.1), Hydra vulgaris ERK (Hv-ERK; XP_002154499.3) and the human MAPK8/ JNK1 (Hs-ERK1), respectively ( Figure 1 ) (Krishna et al., 2013; Putnam et al., 2007) . These sequences all contain both the conserved kinase domains (Hanks & Hunter, 1995) and the TEY motif of the catalytic domain, which is unique for ERK orthologs (Davis, 2000; Figure 1 ). An interesting point to note is that a unique sequence showing these features is present in N. vectensis and H. vulgaris genomes, as well as in the S. pistillata transcriptome database. This result suggests that a single ortholog of ERK is present in these cnidarians, as opposed to the two genes encoding ERKs in most mammalian genomes (Ip & Davis, 1998) . Furthermore, based on the high level of sequence conservation between distant species (Hanks & Hunter, 1995) , antibodies directed against portions of the ERK human proteins may recognize ERKs from other species. Accordingly, we detected a single immunereactive band with the total-ERK antibody by western blot on S. pistillata extracts (Figure 2A and Figure S1 ). Spi-ERK should retain the mechanism of activation by phosphorylation of the Threonine and the Tyrosine residues of the ERK-specific TEY motif. Hence, the MA5-15174 antibody directed against the phosphorylated Thr202 and the Tyr204 (i.e. the phosphorylated TEY motif) should detect a phosphorylated TEY motif of Spi-ERK (phospho-ERK). This is consistent with what we observed, as we detected a unique immune-reactive band of approximately 40 kDa with both antibodies (Figure 2A ).
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KELIFQETARFQPGVLEAP------* : . Interestingly, the fluorescent immunoblot technique showed that the bands detected with the phosphorylated-and the total-ERK antibodies mostly co-migrate, suggesting that the same protein is detected (Figure 2A ). The slight electrophoretic migration shift of the band detected with the anti-phosphorylated ERK antibody would be consistent with the phosphorylation of the threonine and tyrosine residues of the TEY motif as previously described (Aoki et al., 2011) . These results suggest that ERK and its phosphorylated form are correctly recognized by the antibodies.
RNAi interference techniques are not available in coral, and the confirmation that the immune reactive bands observed here specifically correspond to ERK could not be obtained through this medium. In order to test the specificity of the antibodies, we therefore used U0126, a very potent and selective inhibitor of MEK (Bain et al., 2007) . U0126 was previously shown to efficiently block MEK activity in a wide variety of organisms, including cnidarians (Hasse et al., 2014; Picco et al., 2007; Röttinger et al., 2004) . When the inhibitor was added to the seawater, the intensity of the band detected by the anti-total ERK did not vary, while the intensity of the band detected with the anti-phosphorylated ERK antibody was significantly reduced ( Figure 2B and Figure S1 ). Altogether, our results strongly suggest that the proteins detected with the two antibodies were ERK and pERK.
To assess the performance of these antibodies, we compared the signal obtained on S. pistillata and human fibroblasts protein extracts (Figure 3 and Figure S2 ). We loaded on the same gel 10µg of fibroblast total protein extract and different amounts of S. pistillata extracts (ranging from 80 to 10 µg). A signal comparable to the one obtained with the fibroblast extract was observed using 40 µg of coral proteins for both antibodies. This suggests that the affinity of the antibodies towards the coral proteins may be lower than for their human counterparts. The portions of the images used in the main text are outlined.
Conclusion
This work showed that MA5-15174 and MA5-15605 are two specific antibodies that can be used to quantitatively assess Stylophora pistillata ERK phosphorylation/activity in different experimental or environmental conditions. We demonstrated the specificity of these antibodies and their good affinity towards their coral targets. It therefore provides the coral research community with a potent tool for the analysis of the activity of a signalling pathway involved in a wide variety of biological processes. Author contributions CFP, GP, LC and VP conceived and designed the experiments. LC and VP performed the experiments. CFP, GP, LC and VP analyzed the data. CFP and GP contributed reagents/materials/analysis tools. CFP, GP, LC and VP wrote the paper.
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